Abstract. According to the action-specific account of perception, the perceiver's ability to act influences perception of the target. For example, targets that are easier to acquire are reported to look closer, bigger, and slower. However, an alternative explanation for these effects is that they are due to response bias, rather than to changes in perception. To test the role of response bias, we employed two separate manipulations. We manipulated people's abilities to block a ball and measured the corresponding effects on estimated ball speed. We also created an explicit task demand by giving participants instructions that emphasized responding either slow or fast. Participants were grouped, based on whether they were compliant or non-compliant with the instructions. Regardless of their compliance, we found an action-specific effect of blocking ability on estimated speed. Given that non-compliant participants still showed the effect, the results provide strong evidence against a response-bias explanation of this action-specific effect. Paired with earlier research, we conclude that blocking ability influences perceived speed. Perception expresses the relationship between the environment and the perceiver, and this view is consistent with emerging neural and behavioral evidence for an interconnected perceptual-motor system.
Introduction
According to the action-specific account of perception, people perceive the environment in terms of their ability to act (Proffitt 2006; Witt 2011a) . For example, softballs look bigger to players who are hitting better than others (Witt and Proffitt 2005) . Hills look steeper to people who are fatigued or out of shape (Bhalla and Proffitt 1999) . Graspable objects look smaller to people who are capable of grasping larger objects (Linkenauger et al 2011) . Distant objects look closer to people who use a laser pointer to point to them than to people who use a tool that cannot exert an effect on distal objects . Heavy objects appear lighter when the perceiver anticipates help from an able person (Doerrfeld et al 2012) . And targets look to be moving slower when they are easier to block Sugovic 2010, 2012) . These effects reveal that perception expresses the relationship between the perceiver and the environment, rather than providing a behaviorally independent representation of the environment.
However, an alternative account is that these effects are due to response bias rather than changes in perception. According to this account, perceivers do not see the target differently but, instead, change their responses in order to be compliant with experimental task demands (Durgin et al 2009) . For example, perceivers who are asked to put on a heavy backpack might speculate why this task was asked of them, and determine that this must be because the experimenter's hypothesis is that carrying a heavy backpack will make a hill look different. They might then decide to adjust their response of hill slant in order to appease the experimenter. Thus, even though the hill does not look different, the reports of the hill's steepness might change as a function of wearing the backpack (Durgin et al 2009) .
Several strategies have been used to determine whether a particular effect is driven by changes in perception or response bias. One strategy is to use between-subjects designs and opaque manipulations for which the experimental hypothesis is not apparent.
Non-obvious manipulations include the use of juice with real sugar versus fake sweetener to influence energetic potential (Schnall et al 2010) , the use of a treadmill to influence effort for walking (see section 3; Proffitt et al 2003; Witt et al 2004 , and the use of optical changes to apparent hand size (Linkenauger et al 2010 (Linkenauger et al , 2011 . In these studies, perceptual judgments were influenced by action-related factors. Given that the expected results were not obvious, the effects are unlikely to be due to response bias. Another form of non-obvious manipulations has been to use naturally occurring differences such as those related to age, weight, fitness, body size, and chronic pain (Bhalla and Proffitt 1999; Sugovic and Witt 2011; Witt et al 2009) . These naturally occurring differences have also revealed effects on perceptual judgments of slant and distance, and are also unlikely to be due to response bias.
Another strategy is to use clear, objective instructions. In this case, objective instructions means asking the participants to report the physical distance, size, or speed of the target, rather than to report how the target seems or feels. However, this strategy has led to mixed results. The effort or ability to perform an action influences perceptual judgments in some cases (eg Witt et al 2004; Sugovic 2010, 2012) but not in others (eg Woods et al 2009) . In the latter case, perceptual judgments of distance were only influenced by effort for throwing when participants were specifically instructed to take into account non-optical factors, but not when objective-based instructions were used.
A third strategy has been to make the experimental manipulation seem incidental so as to minimize the likelihood that participants will alter their responses in order to be compliant (Durgin et al 2009) . For example, the manipulation of wearing a heavy backpack could be done in such a way as to seem incidental to the experiment (in this case, worn for the purpose of carrying necessary equipment that was critical to the experiment). As an incidental manipulation, there should not be any social pressure to take into account the weight of the backpack when responding about hill steepness. As predicted by the response-bias account, people who wore the backpack for incidental reasons did not report a short ramp to be as steep as did people who were simply asked to wear the backpack (but see Proffitt 2009; Witt 2011a) .
However, previous results using this strategy are also consistent with a perceptual explanation. To illustrate this point, suppose that two groups of participants perceive a hill to be steeper because they are wearing heavy backpacks. Also suppose that, for the control group, task demands make apparent the experimenter's expectation that the hill should look less steep. Therefore, even though both groups see the hill as the same steepness, the control group reports the hill as less steep. Such task demands in the control conditions seem likely in cases that involve elaborate deception (Durgin et al 2009) or explicit instructions to not take the manipulation into account (Durgin et al 2012) . For this strategy to be effective, the role of task demands needs to be considered for each of the conditions, otherwise the data cannot be used to differentiate between perceptual and task demand explanations.
With the current experiment, we offer a new strategy. The premise is to examine action-specific effects in people who are not compliant with experimental demands. If they demonstrate action-specific effects, these effects cannot be due to response bias, because these people are specifically non-compliant and thus do not alter their responses in order to conform to experimental expectation. Alternatively, if action-specific effects are apparent in people who are compliant but not in people who are not compliant with experimental demands, then this is strong evidence that these effects are due to response bias.
In order to test compliance independently of an action-specific effect, we employed a non-action-relevant manipulation and an action-relevant manipulation at the same time. The non-action-relevant manipulation involved explicit instructions to respond that the target appeared slower (for one group of participants), or to respond that the target appeared faster (for another group of participants). This manipulation made one aspect of the experimental expectations known and obvious. Thus, compliance could be determined by examining which participants matched their responses to these explicit expectations and which participants did not. Once compliance was determined, we were then able to examine whether actionspecific effects were present for both groups of participants or only for compliant individuals. The action-specific effect that we tested was the effect of blocking ease on apparent speed. Participants attempted to block a ball with a paddle, and we manipulated the ease with which the ball could be blocked by varying the size of the paddle. Previous research demonstrates that people report that the ball looks faster when they are playing with a small paddle than when they play with a big paddle Sugovic 2010, 2012) . Here, we examined if this action-specific effect is a function of compliance.
Method

Participants
Thirty-five participants (twelve females, twenty-three males) were recruited from the pool of psychology students. They provided informed consent and were given credit for their participation.
Stimuli and apparatus
White stimuli were presented on a black background on a desktop monitor (19 inches in diameter). A white circle (1.6 cm in diameter) served as the ball. During training, the ball moved at a slow speed (0.18 m s -1 ) and at a fast speed (0.74 m s -1
). On each test trial, the ball moved at 1 of 6 test speeds, ranging from 0.26 to 0.67 m s -1 . A white rectangle served as the paddle. The paddle was 0.8 cm wide and set to 1 of 3 heights (1.9, 5.8, or 11.8 cm) on each trial. Participants controlled the paddle with a joystick that was placed on the table, in front of the monitor. Participants could move the joystick in any direction, but only the back and forth movements of the joystick controlled the vertical position of the paddle. The mapping was 1 : 1 between joystick movement and paddle movement, so faster movements with the joystick resulted in faster movements of the paddle. The left button of the joystick was labeled "slow" and the right button was labeled "fast". The paddle was placed over a white rectangle that was the same height as the display and the same width as the paddle. This setup allowed us to control for luminance differences across the 3 paddle sizes. The top and bottom outline of the paddle (two black lines which are depicted as two white lines in figure 1 ) designated the size and placement of the paddle. 
Procedure
Participants were initially trained on the slow and fast speeds. Text on the screen indicated which speed would be shown, and then the ball moved horizontally across the screen with no vertical displacement at that speed. Both speeds were shown 3 times, and order was randomized. To ensure that participants could correctly classify the slow and fast speeds, both speeds were again shown 3 times. During these trials, there was no indication of speed, and participants had to classify the speed as fast or slow by pressing the corresponding button on the joystick. Participants received feedback: text on the screen said "correct" or "incorrect" after each response. Had participants made mistakes on more than 1 trial, the entire training session would have been repeated.
Participants were assigned to either the instruct-slow or instruct-fast group in alternating order. Participants read their group-specific instructions on the screen (see table 1 ). Aside from these instructions, the rest of the procedure was the same for the two groups.
During the test trials, a ball appeared on the left and the paddle on the right. Participants pressed the trigger on the joystick to initiate ball movement. The ball always moved left to right along a diagonal at 1 of 6 speeds that ranged from 0.26 to 0.67 m s -1 . The vertical displacement was constant across speeds, while the horizontal displacement varied across speeds. This resulted in the ball moving along a diagonal ranging from 45° (slowest speed) to 16° (fastest speed; 0° corresponds to no vertical displacement). The initial vertical direction of the ball movement was randomized. The ball changed the vertical component of its direction at the top and bottom of the screen and at random (approximately 5% of the time).
Participants used the joystick to move the paddle, and their blocking performance was recorded. If they successfully blocked the ball, the ball stopped on the paddle. If they missed the ball, the ball continued beyond the edge of the screen. Then participants estimated the speed of the ball by performing a speed-bisection task. To do this task, they indicated if the ball moved more like the slow speed or more like the fast speed that they had initially been trained on, by pressing the corresponding button on the joystick. This speed-bisection task was modeled after typical duration-bisection tasks (eg Penney et al 2008) and was the task used in previous experiments Sugovic 2010, 2012) . Each block of trials consisted of 2 repetitions of each paddle size and speed combination for a total of 36 trials per block. Participants completed 8 blocks of trials. 
Group
Instructions on screen
Instruct-slow
We are now ready to begin. The ball will bounce across the screen. Try to block the ball with the paddle. Then indicate the speed of the ball. The ball will move at a range of speeds from the slow speed to the fast speed. Each time, indicate if the ball moved more like the slow speed or more like the fast speed. Press the corresponding button. It is important that you classify all the slow speeds as slow. Do not make a mistake and classify any slow speeds as fast. Ready? Press the trigger to begin.
Instruct-fast
We are now ready to begin. The ball will bounce across the screen. Try to block the ball with the paddle. Then indicate the speed of the ball. The ball will move at a range of speeds from the slow speed to the fast speed. Each time, indicate if the ball moved more like the slow speed or more like the fast speed. Press the corresponding button. It is important that you classify all the fast speeds as fast. Do not make a mistake and classify any fast speeds as slow. Ready? Press the trigger to begin.
Results
Blocking performance revealed the anticipated effect of paddle size. As paddle size increased, participants blocked the balls more successfully (F 2, 68 > 1000) (proportion of balls blocked: To analyze perceptual judgments of speed, we conducted a binary regression analysis for each participant for each paddle size. From the resulting slopes and intercepts we computed the point of subjective equality (PSE) for each. These were submitted to a repeated-measures ANOVA with paddle size as a within-subjects factor and instruction condition and sex as between-subjects factors. Paddle size significantly influenced the PSEs (F 2, 62 = 28.62, p < 0.001, p 2 h = 0.48). Participants estimated the ball to be moving faster when they played with the smaller paddle. This result replicates earlier work using this paradigm Sugovic 2010, 2012) . The instruction condition also influenced the PSEs (F 1, 31 = 5.57, p < 0.05, p 2 h = 0.15). Participants who were instructed to be sure to identify the slow balls as slow estimated the ball to be moving slower than did participants who were instructed to be sure to identify the fast balls as fast. We assume that this effect reflects a response bias, and not a true change in perceived speed.
(1)
The interaction between paddle size and instruction condition was not significant (F 2, 62 = 0.49, p > 0.61). The instruction condition did not modify the effect of paddle size (see figure 3) . This is the result predicted by the action-specific account of perception, which claims that action-related factors are independent from task demands.
Sex did not significantly influence the PSEs (F 1, 31 = 1.41, p > 0.24), but there was a trend for an interaction between sex and instruction condition (F 1, 31 = 3.24, p = 0.08, p 2 h = 0.10) (1) It is possible that our instructions changed perceived speed. For example, the instructions could have caused participants in one group to attend to different features of the scene compared to the other group. However, research suggesting effects of attention on perceived speed (Turatto et al 2007) has since been retracted by the same authors (Valsecchi et al 2010 The data suggest that female participants were more compliant with the instructions than male participants. However, rather than make distinctions between the sexes, we determined compliance based on participants' data instead. Not all participants are compliant with experimenter expectations or social pressures. In the experiment by Durgin and colleagues (2009) , they removed participants who were "anti-compliant". However, their definition of anti-compliant coincided with people who were consistent with an action-specific account, and therefore anti-compliant with the authors' hypothesis. Because we manipulated task demands via instructions independently from our action manipulation, we can determine compliance independently of our action manipulation.
In order to determine compliance, we conducted a median split for each instruction condition group based on whether their mean PSE across all three paddle conditions was relatively slower or relatively faster. Participants who exhibited faster PSEs were classified as more compliant if their instructions dictated that they should respond "fast" and as less compliant if their instructions dictated that they should respond "slow". Conversely, participants who exhibited slower PSEs were classified as more compliant if their instructions dictated that they should respond "slow" and as less compliant if their instructions dictated that they should respond "fast". (Note: we found the same pattern of results using other techniques to define compliance-see Appendix, see also figure 5). Figure 5 presents the data used to classify participants. Mean PSEs across the three paddlesize conditions are presented on the x-axis. The effect of paddle size on PSEs was computed as a difference score between the PSE when playing with the big paddle minus the PSE when playing with the small paddle. A larger positive difference score indicates that paddle size had a larger effect on PSEs in the anticipated direction. One participant is missing from the figure. This participant had a paddle difference score of 0.27 m s -1 , which was more than 3 SDs from the mean. The pattern of results is the same regardless of whether this person is included in the analysis or not. Because this individual showed such a strong effect in the direction predicted by the action-specific account, we will report analyses without this individual's data in order to lean towards the conservative side. One thing to note from the figure is the number of participants who show a positive difference score regardless of condition or compliance. All but two participants had a positive difference score, suggesting that the effect of blocking ability on apparent speed is pervasive. PSEs were entered into a repeated-measures ANOVA with paddle size as a within-subjects factor and instruction condition and compliance group as between-subjects factors. There was a significant interaction between instruction condition and compliance group (F 1, 30 = 41.19, p < 0.001, p 2 h = 0.58) (see figure 6 ). For participants who were more compliant, those in the fast-instruction condition estimated the balls to be moving faster than did participants in the slow-instruction condition (F 1, 15 = 26.62, p < 0.001, p 2 h = 0.64). This is not surprising, given how the data were classified. With respect to the less compliant group, participants could have still been compliant, just less compliant. However, the data disconfirm this possibility. Instead, participants in the slow-instruction condition estimated the ball to be faster than did participants in the fast-instruction condition (F 1, 15 = 14.64, p < 0.01, p 2 h = 0.50). Thus, the classification for these participants was changed from less compliant to non-compliant.
A critical question is whether participants who were non-compliant with respect to the instructions still demonstrated the effect of paddle size on estimated speed. According to the response-bias account, the effect of paddle size is an effect of response bias, so a logical assertion is that participants who were non-compliant should show no effect of paddle size, given that this effect requires compliance. According to the action-specific account, these action-based effects are independent of compliance, so even participants who are non-compliant should show an effect of paddle size. A repeated-measures ANOVA with data from the non-compliant group revealed a significant effect of paddle size on PSEs (F 2, 30 = 34.43, p < 0.001, p 2 h = 0.70) (see figure 6 ). Even participants who did not conform to the experimenter's expectations (and explicit instructions) of how to respond still reported the speed of the ball as a function of their ability to block the ball. This result is consistent with the action-specific account and inconsistent with the response-bias account.
Participants who were compliant with the experiment's instructions also demonstrated an effect of paddle size on PSEs (F 2, 30 = 14.52, p < 0.001, p 2 h = 0.49). They estimated the speed of the ball, according to their blocking ability. When we analyzed both groups together, the interaction between compliance group and paddle size was not significant (F 2, 60 = 1.16, p > 0.31) (see figure 6 ). This result shows that the effect of paddle size on PSEs was similar for the two groups. According to the response-bias account, if the action-specific effects are due to compliance, we should find greater effects of paddle length on estimated speed in people who are compliant than in people who are not compliant. Instead, we find no difference in the effect of paddle length between the two groups. Furthermore, both groups demonstrated the effect. This result rules out alternative response-bias accounts that might propose that people are only compliant with one form of task demand but not two. The data clearly show independent effects of paddle size and instructions. The effect of instructions depended on whether participants were compliant or not, whereas the effect of paddle size was pervasive and apparent regardless of compliance. An account based on response bias cannot ignore compliance. Yet if compliance has no influence on a particular effect, then that effect cannot be due to response bias. Our data demonstrate that whether or not a person was compliant bore no relationship to the extent to which their perceptual judgments were influenced by the ease to block the ball. The results demonstrate that this action-specific effect is not a function of response bias. (2) 3 Discussion According to the action-specific account of perception, people perceive the environment in terms of their ability to perform an intended action. For example, balls that are easier to block look to be moving slower than balls that are more difficult to block Sugovic 2010, 2012) . The action-specific approach promotes the view that perception expresses the relationship between the perceiver and the environment, an idea that is consistent with, and based on, Gibson's notion of affordances (Gibson 1979) .
However, the action-specific account has been challenged on the grounds that evidence in favor of the account may instead reflect changes in the responses due to task demands (Durgin et al 2009) . With the current experiment, we examined the potential role of response bias in the effect of blocking ability on apparent speed. This ball-blocking paradigm is relatively new, but is poised to be useful for examining characteristics and mechanisms of the actionspecific approach. We adopted the paradigm and created a design for which the response-bias account and the action-specific account made different predictions.
According to the response-bias account, the perceiver's ability to act influences his or her responses but not his or her perception. When effects of action are apparent, it is because participants made an accurate prediction of how they were expected to respond, and due to (2) Another possibility is to manipulate task demand by providing explicit instructions related to blocking ease rather than related to estimates of speed. We ran another experiment where our instructions informed participants that they were in a condition for which the ball was easier to block (n = 18; key instruction: "For the first part of this experiment, you will find the task easy because the movements of the paddle will perfectly match the movements of the joystick") or a condition in which the ball was more difficult to block (n = 18; key instruction: "For the first part of this experiment, you will find the task difficult because the ball will change directions randomly"). Everything else about the procedure was the same as in the reported experiment, so the ease of the task was actually the same for both groups. However, in this experiment, instruction condition did not influence PSEs (F 1, 34 = 0.01, p = 0.92). Making the ease of the condition known and obvious did not lead to changes in participants' estimates (as is claimed by the response bias account). Further analysis also confirmed that the effect of paddle size on estimated speed was independent of compliance. We determined compliance by conducting a median split on mean PSE and classifying those who were in the "easy" condition and had slower PSEs as compliant and those in the "easy" condition and had faster PSEs as non-compliant (and vice versa for those in the "hard" condition). The interaction between compliance and paddle size was not significant (F 2, 68 = 0.07, p > 0.93). For both compliant and non-compliant groups, paddle size significantly influenced the PSEs (F 2, 30 = 20.16, p < 0.001, p 2 h = 0.54; F 2, 30 = 15.05, p < 0.001, p 2 h = 0.47). As in the first experiment, compliance was independent of the action-specific effect of blocking ease on estimated speed. This result confirms the finding that this action-specific effect is not a function of response bias. their motivation to conform, they altered their responses to match these expectations (Durgin et al 2009 (Durgin et al , 2012 . However, not all participants will be willing to adjust their responses. For instance, in the classic Asch conformity experiments, for which there was high social pressure to select the wrong line, participants only provided incorrect but conforming responses on 37% of the questions, and 25% of participants never responded incorrectly (Asch 1955) . As the pressure to conform decreased, participants were even less likely to select the wrong response. Therefore, according to the response-bias account, only participants who conform to experimental expectations should show an effect of blocking ability on estimated speed because only they are willing to modify their responses in order to conform. Participants who do not modify their responses to conform should not show any effect of blocking ability on estimated speed. In contrast, according to the action-specific account, both conforming and nonconforming participants should demonstrate an effect of blocking ability on estimated speed.
We found that participants who did not conform to expectations based on instructions demonstrated an effect of blocking ability on estimated speed. The effect of blocking ability on estimated speed was also just as big as for participants who did conform to instructionbased expectations. This result is consistent with the action-specific account of perception. Importantly, this result rules out a response-based account of the action-specific effect of blocking ability on apparent speed.
One might be tempted to argue that participants could have been compliant with the expectations based on the paddle size but not compliant with the expectations based on the instructions. We agree that it is possible that a person could be willing to conform to some expectations and not others. However, with further consideration of the response-bias position, this is not a viable explanation in this case. According to a response-bias account, participants see the ball similarly regardless of the initial instructions or the size of the paddle. Differences as a function of instructions and paddle size arise when participants adjust their responses according to their understanding of the experimenter's expectations. There is a variety of known reasons why a participant would be willing to adjust his or her response despite there being no changes in the perception of the target (Asch 1955) . In this case, most of the reasons that are relevant concern wanting to be a "good subject" (Orne 1962, page 778) , which means participants want to validate the experimental hypothesis and "not spoil [the] results" (Asch 1955, page 4) . The key point is that any desire to be a "good subject" and modify one's responses according to the experimental hypothesis should be more likely to lead to changes according to the known expectation related to the instructions than to ambiguous expectations related to the paddle size.
With respect to a "good subject", it is easy to see how response bias could explain the effect of paddle size on estimated speed. When the paddle is big, the task is much easier. A participant might assume that, when the task is easier, the prediction is that the ball should look slower and adjust his or her responses accordingly. When the paddle is small, the task is much harder, and the participant might assume that this difficulty is expected to make the ball appear faster, and adjust his or her responses accordingly. Similar adjustments would also be made on the basis of the initial instructions. Thus, participants should alter their responses based on both the instructions and the size of the paddle.
However, response bias cannot explain why participants who were non-compliant with the instructions would show an effect of paddle size on estimated speed. According to a responsebias account, the effect of paddle size on estimated speed occurs because participants are motivated to respond according to the experimenter's expectations. Participants who were classified as non-compliant were obviously not motivated to alter their responses according to expectations, because they did not even alter their responses to follow the instructions. Given that they were not willing to alter responses to follow instructions, it is difficult to imagine that they were willing to change their responses and report not what they saw but what they thought was expected of them. What could motivate them to make this change in their responses that would not also motivate them to follow instructions? If they had been motivated to change their responses, then their responses should have conformed to the instructions of the experiment as well. Consequently, something other than response bias must explain why paddle size influenced their estimates of ball speed.
Despite our claim that these changes occurred because paddle size influenced perception of speed, the current data do not necessarily demonstrate an influence on perception. One concern is that participants made their speed judgments after the ball had stopped moving, so it is unknown whether blocking ability influenced perceived speed or memory for speed. Recent research has shown that one's ability to act can influence memory of targets (Cooper et al 2012; Thomas et al 2012) . However, for the paradigm used in the current experiment, previous research found the same pattern of results when participants made their judgments of ball speed while the ball was still visible and moving as when they made their judgments after the ball had stopped (Witt and Sugovic 2012 ). These studies demonstrate that the action-specific effect of blocking ease on apparent speed does not just occur in memory.
A second issue with the current paradigm is that the results depend on judgments of speed. Much of the research on perception relies on psychophysical judgments, like the ones used here. As a result, our measure of perception is not unique to these action-specific paradigms and reflects a standard practice in the field of studying perception. Nevertheless, converging evidence across multiple types of measures including explicit judgments, indirect measures, and action-based measures are necessary to make a strong case for effects in perception (Loomis and Philbeck 2008) . While converging measures exist for other action-specific effects, such as those related to tool-use (Witt 2011b ) and effort for walking , they have yet to be explored for the effect of blocking ease on apparent speed.
Another issue that is particularly relevant for action-specific effects in general, and for this effect in particular, is whether changes in a person's ability to act influence perceptual processes directly or if it influences eye movements or attention. For example, a person's ability to block a ball may impact where the person looks. As attention shifts, the perceptual system detects different information. Therefore, the same object could look different based on these attentional shifts. With respect to perception of speed, such effects have already been documented. The Aubert-Fleischl phenomenon reveals that moving objects look slower under smooth pursuit than under fixation (Aubert 1886, 1887; Fleischl 1882; as cited by Gibson et al 1957) . Thus, if paddle size influences looking patterns, this would lead to changes in perceived speed without action being specifically incorporated into perceptual processes. Future research needs to control for eye movements to determine if these effects are due to different looking patterns, or if the potential to act influences perceptual processes directly.
The current results are also consistent with the growing body of research that suggests a role for action-related processes in perception. Some evidence for a connection between the two systems comes from neurophysiology and neuroimaging studies. For example, mirror neurons in the premotor areas of a monkey are activated when performing an action and when observing the action (Rizzolatti et al 1996) . These authors suggested that these neurons play a causal role in perceiving actions. Brain-imaging research in humans also demonstrated that motor-related brain areas are activated while observing actions performed by another (eg Buccino et al 2001; Calvo-Merino et al 2004) . Again, it has been proposed that the activity in these motor areas enhances perception of the observed actions.
Behavioral research also demonstrates that motor-related processes are involved in perception. For example, apparent motion of another person is constrained by biomechanical limitations (Shiffrar and Freyd 1990) . When observing alternating images of a limb in different positions, perceivers saw biologically plausible paths of motion instead of the shortest physical path, as would be expected for non-biological apparent-motion tasks. As another example, perceptual anticipation of an action's outcome is enhanced when viewing oneself perform the action, arguably due to the exact match between the observed movements and the motor system's capabilities (Knoblich and Flach 2001) . Conversely, perceived accuracy of walking speed of a point-light walker is reduced when the motor system is also engaged in walking (Jacobs and Shiffrar 2005) . Again, this suggests that the motor system is involved when perceiving action.
According to the theory of event coding (Hommel et al 2001) , the motor system is also involved when perceiving spatial features of an object. Planned lateral movements impair perceptual detection of objects oriented in the same direction as the planned movement (Müsseler and Hommel 1997; Zwickel et al 2010) . Concurrent rotational movements impair detection of stimuli rotating in the opposite direction (Lindemann and Bekkering 2009 ). In addition, the theory of selection-for-action also demonstrates effects of planned actions on visual-search tasks (Bekkering and Neggers 2002) and on perceptual discrimination of orientation (Gutteling et al 2011) . These studies make a strong case for motor system involvement in perceptual processes. Action-specific effects are consistent with this growing literature on perception-action interactions and with the emerging view of an embodied, embedded perceptual system (Clark 1997) .
Summary
Response bias cannot account for the effects of blocking ability on apparent speed. Here, we presented a new strategy for determining the role of response bias. The results show that the effect of blocking a ball on estimated speed was independent of the participant's willingness to comply with experimenter expectation, and therefore cannot be attributed to task demands. Past research also shows that this particular effect is not due to influences on memory, and is apparent in converging measures based on multiple types of judgments (Witt and Sugovic 2012) . Thus, the evidence suggests that a person's ability to block an object influences perceived speed of this object.
There are now multiple expressions of the general idea that a person's ability to perform the intended action influences perception. Action-specific effects are apparent in perceptual judgments of speed, distance, slant, size, weight, height, and shape. They are apparent when using multiple types of measures including verbal reports, visual matching tasks, indirect measures, and action-based measures. They are apparent for multiple types of actions including walking, throwing, lifting, blocking, catching, hitting, jumping, climbing, falling, swimming, reaching, and grasping. This generalizability is also evidence for the action-specific account of perception. Therefore, we conclude that a person's ability to act influences perception, and that perception expresses the relationship between the perceiver and the environment. speed and they were in the instruct-fast condition. This group (n = 12) is labeled PSEs(3) in figure A1 .
We also looked at participants' likelihood to respond fast, rather than their PSEs. We conducted a median split based on the proportion of times in which participants responded "fast". Participants were labeled as non-compliant if they responded "fast" more frequently and were in the instruct-slow condition, or if they responded "fast" less frequently and were in the instruct-fast condition (n = 14; labeled Prop. resp in figure A1 ). This resulted in four new participants being classified as non-compliant compared to the classification in the main text.
We also analyzed the mean responses for each paddle size for each speed and looked for outliers (as was done in Durgin et al 2009) . Outliers were defined as responses that were at least 1.5 SD from the sample mean. Participants who were outliers in the opposite direction as anticipated based on their instructions were classified as non-compliant (n = 6; labeled 'Outliers' in figure A1 ). Of the six subjects, five had been previously categorized as non-compliant.
We also looked at mean responses for the slowest and fastest speeds. Participants were deemed non-compliant if their responses to the extreme speeds were opposite from what was anticipated based on the instructions (n = 13; labeled Extreme speeds in figure A1 ). For instance, participants in the instruct-slow condition were deemed non-compliant if they responded that any of the balls moving at the slowest speed were fast. Participants in the instruct-fast condition were deemed non-compliant if they responded that any of the balls moving at the fastest speed were slow.
For each of these classifications, the paddle size effect score was significantly different from 0 (t s > 4.11, ps < 0.01). 
